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FOREWORD

S

This technical report describes an experimental study of the effects of

t corrosion inhibitors on the conductivity of aviation turbine fuel. Part of the work
reported here was performed in-house under Work Unit 30480591, “Fuel Evaluation and
Development® which is administered by the Fuels Branch (AFWAL/POSF), Fuels and
Lubrication Division (POS), Air Force Aero Propulsion Laboratory, Air Force Wright
Aeronautical Laboratories, Wright-Patterson AFB, Ohio. Other parts of this work
were performed by Monsanto Research Corporation under Work Unit 30480515,
"Properties of Aircraft Fuels and Related Materials", administered by the Fuels
Branch (Mr. Timothy L. Dues). The in-house work described in this report was
nerformed by Lt Richard C. Striebich from November 1982 to February 1984. The
principal investigator for the extensive work done at Monsanto was Mr Donald Duvall.
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SECTION I
INTRODUCTION

Distillate fuels may become charged electrostatically during such operations as
refueling, filtering or mixing due to the separation of positive and negative ions
in the fuel. This charge separation could occur when identically charged particles
adhere to the surface of a tank, filter or other part of a fuel system and ions of
the opposite charge flow with the fuel. If the fuel's conductivity is low, the fuel
is not able to readily transport this charge to other surfaces in the fue! system.
1f, for example, an aircraft is being refueled, low conductivity fuel may build up a
significant static charge in the aircraft fuel tank. When the potential exceeds a
critical value for the system, a discharge may occur in the vapor space. Obviously,
this kind of occurrence would have disasterous consequences if a flammable fuel/air
mixture was present. The Air Force and Navy have reported numerous incidents in the
last decade solely related to electrostatic discharge. In the past few years, more
than 50 incidents have been reported in the Air Force's A-10 aircraft probably due
to the blue foam. This figure does not take into account incidents related to
electrostatic discharge because of fuel flowing through fire suppressive blue foam.

The Ajir Force has been using anti-static or static dissipator additives for a
number of years. The conductivity of JP-4 aviation fuel without this additive would
typically range from 1 - 10 pS/m (pico-Siemens per meter)., Aviation turbine fuel
(JP-4) specification MIL-T-5624L (Reference 1) calls for a fuel conductivity between
200 and 600 pS/m. This level of conductivity should be sufficient to deter any type
of electrostatic discharge from a fuel through its vapor space. Refineries, in
their quest for reduced costs, add static dissipator additives in as low a
concentration as possible so that the 200-600 pS/m specification is met. For
example, if static dissipator additive were to interact with other additives like
corrosion inhibitors, to decrease conductivity, then additional static dissipator
additive would have to be added to the fuel to ensure proper conductivity. Through
this study the Air Force hopes to curtail the use of those corrosion inhibitors on
.1e Qualified Products List (QPL) which decrease conductive properties. Refineries
would then need less anti-static additive in their fuels in order to meet
conductivity specifications. Resultant fuels would be less expensive due to
decreased additive concentration, but more importantly, fuels would not be expected
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to show any instability because of higher concentrations of high molecular weight g:
additives. 5§
\:{

—

Some corrosion inhibitors have been noted to decrease conductivity by as much gé

as 40% in the field; however, little documentation has been provided by laborato ;5
experimentation to validate this observation. Thus, this report describes e
e

experiments carried out by the Fuels Branch, Aero Propulsion Laboratory, Wright-
Patterson AFB, to investigate the effect of corrosion inhibitors on the conductivity
of aviation turbine fuel with anti-static additives.
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SECTION II

CURRENT RESEARCH

1. EXPERIMENTAL TEST PLAN
a. Overview

The investigations described herein were designed to test the
compatibility of corrosion inhibitors with aviation turbine fuels, as specified in
MIL-1-25017D (Reference 2). In the compatibility section of this specification,
paragraph 4.6.2.1 calls for compatibility test to be run by adding corrosion
inhibitors to JP-4 in their maximum allowable concentrations. At the end of a 24-
hour equilibration period, a visual inspection of the samples should show no signs
of cloudiness or precipitation.

Paragraph 4.6.2.2 of MIL-I-25017D describes the requirements for compatibility
of the corrosion inhibitors with static dissipator additives. The manner in which
conductivity effects may be tested is very explicitly stated in this paragraph:

Grade JP-4 fuel (MIL-T-5624), filtered through clay as described in
Appendix A.4 of ASTM D2550 (Reference 3), shall be blended with each
static dissipator additive approved in MIL-T-5624 to provide test fuels
having a conductivity of 400 picosiemens per meter (pS/m) +/-100 pS/m.
After a 24-hour period to insure that equilibrium of fuel conductivity
has been established, the inhibitor under test shall be added and
mixed. At the end of another 24-hour period, no more than 40% change
in the electrical conductivity of the fuel shall have occurred as a
result of the test inhibitor. The fuel electrical conductivity shall
be measured using either ASTM D2624 (Reference 4) or D3114 (Reference 5)
test methods... No significant change in temperature should be allowed
during the test.

Thus, the purpose of the present study is to determine which, if any of the 14

corrosion inhibitors on the Qualified Products List (QPL) (Reference 6), wili cause
a significant change in the conductivity of a JP-4 fuel with anti-static additive.

The entire experiment was divided into three phases. In Phase I, a baseline
fuel was prepared by blending ASA-3 anti-static additive into a double clay-treated
JP-4 to yield a fuel with a conductivity of approximately 400 pS/m. One gallon

epoxy-1lined cans were used to store this base fuel blended with each of 14 corrosion
inhibitors at their maximum allowable concentrations. Each sample was shaken on a
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small paint-can shaker and then allowed to equilibrate for 24 hours. The electrical
conductivity of each fuel sample was measured by both ASTM D3114 and D2624. If an
increase or decrease of more than 40% was found due to the corrosion inhibitor
(relative to the conductivity of the baseline fuel), the concentration was decreased
in 1 1b/1000 bbl increments from the maximum allowable concentration by dilution
with the baseline fuel. For example, if a sample showed a conductivity decrease of
55% with 8 1bs/1000 bbls of corrosion inhibitor "A", the solution would be diluted
with baseline fuel (JP-4 plus ASA-3) to 7 1bs/1000 bbls of inhibitor "A". If this
solution still produced a conductivity change greater than 40% from the base fuel, a
concentration of 6 1bs/1000 bbls was tested. This procedure was carried out until
the minimum effective concentration was reached or a change in conductivity of less
than 40% was noted.

After testing all 14 corrosion inhibitors in the JP-4 plus ASA-3 baseline fuel,
Phase Il of the testing began. Phase II was similar to Phase I except that two
different anti-static additives were substituted for ASA-3 in the JP-4, i.e., STADIS
450 and TOLAD 511 anti-static additives. As in Phase I, the corrosion inhibitors
were added at their maximum allowable concentrations and then diluted until a change
of less than 40% was observed when compared to the baseline fuel.

The objective of Phase III testing was to re-examine those corrosion inhibitors
displaying "borderline" or "failing" compatibility; i.e., to retest those corrosion
inhibitors which showed considerable conductivity change for any of their allowable
concentrations. In addition to the petroleum JP-4 used in Phases I and II, five
other fuel types were evaluated. Both ASA-3 and STADIS 450 (the only two Air Force-
approved anti-static additives) were used and the procedure was much the same as
that described in Phase I or II. The results of Phases I through III indicated
which corrosion inhibitors produce an undesirable change in the conductivity of
various aviation fuels.

b. Equipment and Procedures

The equipment used for measuring conductivity is specified in ASTM D3114
and D2624. Briefly, in ASTM D3114 a sample of fuel is contacted with a conductivity
cell which is then connected in series with a dc voltage source and ammeter. The
conductivity is calculated by Ohm's law from the cell characteristics, the voltage
across the cell, and the almost instantaneous peak current reading. Conductivity
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| units are then expressed in pS/m (Reference 5). The method is very similar for ASTM
D2624 except that the meter used is a portable rather than a laboratory device. The
conductivity reading is directly displayed in either a digital readout or through an
analog meter (Reference 4).

The apparatus used for clay-filtering is shown in Figure 1. This single pass,

double stage rig was designed for a throughput of approximately five gallons per
minute.

There were several procedural precautions which had to be taken to ensure
consistent conductivity readings. First, because of the viscosities of the
corrosion inhibitors and static dissipator additives, additions to fuels were made
on a weight basis rather than by volume. Additives were weighed into a smail glass
boat and added to the fuel by washing the additive into the sample container with
1000 mis or more of fuel. The temperatures of the samples were recorded while

measuring conductivity. Ambient temperatures however, did not vary significantly
throughout the experiments.

Sample containers were specially chosen and prepared with a great deal of care.
Hayes and Conley (Reference 9) report that different sample containers have varying
effects on the conductivity of fuel samples with static dissipator additive.

Unlined tin cans and amber and clear glass bottles all decreased conductivity with
time. Also, unknown synergistic effects resulted in abnormally high conductivity
readings for fuel stored in polyethylene bottles. "Deactivated" one gallon epoxy-
Tined cans were the only containers which would keep conductivity readings
reasonably consistent. Deactivation consisted of rinsing the container with the
baseline fuel to be tested in order to "use up" active sites where the additive
might otherwise tend to plate ocut. Without deactivation, conductivity would

decrease over time. Consequently, the deactivation procedure was followed for every
sample container used in this experiment.

C. Fuels and Additives

The fuel used in the first two phases was a specification grade, petroleum
JP-4 which was double clay-filtered to remove any additives already in the fuel.
The fuel, contained in an inert, epoxy-lined 55 gallon drum, was blended to 0.571




.........
..............................
................................

.................................

LA A et b s o o
AR
‘.

snjededdy buiuadyi4-Ae|y °1 aanbi4

LA et oengt 4

(1 W Jp 2 + IS

sl ki Nlak:d
334714 NOIiHdLT A d31714
A2 THIaHY AB2

_
|
_
e—mo —
_
_
_
_

= —F —% —F

o6.und 13SS3A

13SS3A
13naoAd
a334

AFWAL-TR-85-2076

‘. .i.u -~y e s,V LA R AR L e T T T JAE S G L mm e e - . . . ‘ ‘
e o P- < \-.- ,h-f.\— v PN TG s by .... ,.... AR Y ...-...... » W . ~..- ...- AU PN Q.i\.ﬂdh-..ﬂ.h.



Rl diC et St Al A il Y a 2*a AR bon 29 S 4y 0y

AFWAL-TR-85-2076

ppm ASA-3* static dissipator additive for Phase I testing. This blending produced
JP-4 with an electrical conductivity equal to 400 +/-10 pS/m. The same lot of JP-4
fuel was used for Phase II research. In this experiment, one drum of clay-treated
fuel was blended with STADIS 450** anti-static additive and another drum with TOLAD

p 511*** Product descriptions for these two additives may be found in References_ 7
and 8.

Phase III experiments were conducted for six different fuel types with ASA-3
and STADIS 450 anti-static additives. TOLAD 511 was not used because it is a
candidate anti-static additive which has not as yet been approved for Air Force use.
A description of the fuels and amounts of static dissipator additives for Phases I -
III can be found in Table 1.

The corrosion inhibitors used in this study was specified under the QPL
(Reference 6) for fuel-soluble corrosion inhibitors. At the start of this study,
there were 14 corrosion inhibitors on the QPL; these additives, along with their
minimum effective and maximum allowable concentrations are listed in Table 2.

Air Force usage rates differ for each of these inhibitors. Figures 2 and 3
demonstrate the relative frequency of use of corrosion inhibitors reported to the
Air Force in 1977 and 1984.

2. DATA

The data for Phases I, II, and 1II are provided in Appendices A, B, and C,
respectively.

*Shell 0i1 Company
**L. 1. Du Pont De Nemours and Co.
***Tetyolite Division, Petrolite Corp.

‘‘‘‘‘‘‘‘‘‘
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TABLE 1. FUEL SAMPLE DESCRIPTION: PHASES I THRU III

ASA-3 STADIS-450 TOLAD 511
Added Added Added
Code Sample Description {ppm) (ppm) (ppm) Phase

POSF-0708 Petroleum JP-4 0.57 - - 1

POSF-0708 Petroleum JP-4 - 0.56 - I1
POSF~0708  Petroleum JP-4 - - 2.11 II
POSF-0708 Petroleum JP-4 1.13 - - III
POSF-0708 Petroleum JP-4 - 1.3 - III
POSF-0113  Shale-Derived JP-4 0.85 - - III

POSF-0883 Petroleum JET A
(commercial aviation fuel) 1.4 - - III

POSF-0883  Petroleum JET A - 1.6 - II1
POSF-1329  Petroleum JP-8 1.4 - - I1I
POSF-1329  Petroleum JP-§ - 1.5 - III
POSF-1330 Petroleum JP-4 1.0 - - III

POSF-1333 70% iso-octane, 1.3 - - III
30% toluene mix

POSF-1333 70% iso-octane, - 0.56 - III
30% toluene




| SO P SIS SN A P - il it i A A i Sl et 20 S St SAAELA S e b A At S i Dot b e A on B aan ien e S Aok te bie s 2N b Rl Al A A Aok dia )

AFWAL-TR-85-2076

TABLE 2. MIL-I-25017 INHIBITOR SAMPLES

EONCENTRATION, 1bs/1000 Bbl

INHIBITOR I.D. MIN. EFF. CONC.  MAX. ALLOW. CONC.
F APOLLO PRI-19 3 8
ARCO 4410 3 8
DCI-UA 3 8
DCI-6A 3 8
HITEC E-515 7.5 16
HITEC E-S80 3 8
LUBRIZOL 541 3 6
MOBILAD F-800 3 8
NALCO 5403 3 8
NALCO 5405 3 8
P 3305% 4.5 12
TOLAD 245 7.5 12
TOLAD 249 3 8
) UNICOR J 3 8
%#yas Emery
9
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3. RESULTS AND DISCUSSION

a. Overview

The following points, discussed in the next three sections are summarized
here:
(1) Of 14 corrosion inhibitors, three showed serious deleterious effects
on the conductivity of jet fuel with anti-static additive: Apollo PRI-19, Lubrizol
‘ 541, and HITEC E515.

X (2) Although contradictions in the three phases were observed for the
' other two inhibitors, HITEC E515 in STADIS 450 always showed a decrease in
electrical conductivity of more than 40% for every fuel.

: (3) Fuel type did not seem to have an effect on conductivity. The
| jsooctane/toluene mixture gave inconsistent results.

b. Phase I: Effect of 14 Corrosion Inhibitors on the Conductivity of
JP-4 with ASA-3 Anti-static Additives

! Since clay-treating removes all anti-static additives, corrosion
; jnhibitors, antioxidants, metal deactivators, etc., from a fuel, the initial
’ conductivity of the base fuel was nearly zero. The conductivity of the fuel

jncreased to 420 pS/m with the addition of 0.571 ppm of ASA-3. The change in
conductivity of baseline fuel with corrosion inhibitors (for Phase I) is listed in
Table 3. As stated earlier, if the change in conductivity was greater than 40%, the
concentration of corrosion inhibitor was reduced by 1 1b/1000 bbis. Table 3
indicates three corrosion inhibitors that showed changes of more than 40% for some
or all concentrations of the inhibitors. This point is more easily demonstrated in
Figure 4.

Also included in this section is a graph showing the change in conductivity of
the base fuel over a two month period (Figure 5). This figure shows that container
deactivation procedures were effective in providing consistent conductivity readings
over a long period of time.

12
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) TABLE 3. RESULTS FOR PHASE I: ASA-3 IN JP-4

)
l &
MIN/MAX CONCENTRATION

INHIBITOR (1b8/1000 bbls) (1b3/1000 bbls)  PERCENT CHANGE

APOLLO PRI-19 3-8 8.60 -53.4
7-00 -50.5
) 6.02 4y}
| 5.01 Zaoos
: 4.00 ~36.7
: ARCO 4410 3-8 8.03 ~30.0
i DCI-4A 3-8 8.00 ~13.9
i DCI-6A 3-8 8.00 ~13.4
- HITEC E-515 7.5-16 16.00 -61.6
: 7-5. "’5702
l HITEC E-580 3-8 8.00 -23.7
3 LUBRIZOL 541 3-6 6.22 -55.9
« 3.00% -43.6

-'
: NALCO 5403 3-8 7.98 -16.7
. NALCO 5405 3-8 7.91 -10.1
i P3305 (Emery) 4.5-12 12.01 - 7.0
TOLAD 249 3-8 8.02 -11.8

4

UNICOR J 3-8 8.02 -39.0

#These were not decreased by 1 1b/1000 bbl increments - assumption
made that if minimum effective and maximum allowable concentrations
show greater than +/-40% change, all allowable concentratioens will
show greater than +/-40% change.

13
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The results of Phase I (Table 3), show that corrosion inhibitors generally
decrease the conductivity of JP-4 with ASA-3; that is, none of the corrosion
inhibitors blended with ASA-3 in JP-4 caused an increase in electrical conductivity.
Figure 4 shows that two inhibitors, HITEC E515 and Lubrizol 541, decrease electrical
conductivity by rore than 40% at all concentrations (according to the Phase I
study). One inhibitor, Apollo PRI-19, produced a decrease of more than 40% for some
higher concentrations and less than 40% for lower concentrations. According to the
guidelines listed in the military specification for corrosion inhibitors, HITEC E515
and Lubrizol 541 would be considered "failures" and the PRI-19 would be considered
"borderline" in compatibility with anti-static additives.

Since most of the corrosion inhibitors have dimer acids as their active
ingredients, there seems to be no plausible explanation for the difference in the
inhibitor's ability to alter conductivity. There are however, slight differences
between some of these substances. For example, HITEC E515 is the only approved
corrosion inhibitor containing phosphorous. The effect (if any) of phosphorous on
conductivity is not well understood; one can only speculate that these slight
differences initiate interactions with the fuel or antistatic additives causing
variations in a fuel's ability to conduct electrical charge.

It should be pointed out here, however, that the corrosion inhibitor used in
Phase I were less than one year old when the study began. At the completion of the
study, the inhibitors were more than one year old. According to the military
specification for corrosion inhibitors, the age of the additives to be tested should
be less than one year; unfortunately, the testing was not completed before that
time. This point may help to explain the differences between some of the results in
later studies.

c. Phase II: Effect of 14 Corrosion Inhibitors on the Conductivity of
JP-4 with STADIS 450 and TOLAD 511 Anti-Static Additives

This phase of testing was exactly like the Phase I testing except that
different static dissipator additives were used. Clay-treated JP-4 fuel (the same
lot that was used in Phase I) was blended to 0.56 ppm STADIS 450 in one 55 gallion
drum and to 2.11 ppm TOLAD 511 in another drum. The conductivities of the "STADIS"

and "TOLAD" drums were 470 pS/m and 376 pS/m, respectively. The change in
conductivity with respect to the baseline fuel is listed in Table 4. This table
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TABLE 4. RESULTS FOR PHASE II: STADIS -450 IN JP-4

MIN/MAX CONCENTRATION
INHIBITOR (1bs/1000 bbls) (1bs/1000 bbls) PERCENT CHANGE
APOLLO PRI-19 3-8 8.06 =67
5.05 ~-58
4.00 -53
3.02 ~50
ARCO 4410 3-8 8.00 -21
DCI-4A 3-8 7.96 ~08
DCI-6A 3-8 8.00 =21
HITEC E-515 7.5~16 16.00 -85
14,00 -84
12.00 -8l
10.00 ~83
7.50 ~-82
HITEC E-580 3-8 8.03 ~-10
LUBRIZOL 541 3-6 6.00 ~-36
MOBILAD F-800 3-8 8.00 ~11
NALCO 5403 3-8 7.98 -09
NALCO 5405 3-8 7.91 =31
P3305 4.5-12 12.01 -09
TOLAD 2u5 7.5-12 12.30 -30
TOLAD 24§ 3-8 §.02 =29
UNICOR J 3-8 8.02 =07

17
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shows that two of the corrosion inhibitors, namely, HITEC E515 and Apollo PRI-19,
produced changes of more than 40% in a STADIS 450 doped fuel for all allowable
concentrations. Figure 6 illustrates this data. The slightly higher changes in
conductivity as compared to the Phase I study indicate a greater interaction between
STADIS 450, PRI-19 and HITEC E515 than/with ASA-3, PRI-19 and HITEC E515. On th.
other hand, the interaction between ASA-3 and Lubrizol 541 is greater than that of
STADIS 450 and Lubrizol 541. While all concentrations of Lubrizol resulted in
conductivity changes greater than 40% with ASA-3, even the maximum concentration of
Lubrizol with STADIS 450 gave just less than 40% change in conductivity.

It should be noted that the corrosion inhibitors with the greatest usage rate
(see Figure 2) are not the same corrosiun inhibitors which show conductivity changes
of more than 40%. DCI-4A and NALCO 5403, which account for approximately 73% of
reported corrosion inhibitor usage (1984) show very little conductivity change with
either STADIS 450 or ASA-3. TOLAD 249, Unicor J, and Apollo PRI-19 produce
conductivity effects which are generally higher than 30% but less than 40%.

Table 5 describes the results for JP-4 with TOLAD 511 static dissipator
additive. The results for this candidate jet fuel additive show that none of the 14
corrosion inhibitors caused a change in conductivity of more than 40% from the
baseline fuel. Use of this additive may relieve any adverse conductivity effects;
however, this additive is not yet approved for use in aviation turbine fuel. It is
also interesting to note that JP-4 requires almost four times the amount of TOLAD
511 to achieve the same conductivity as compared to ASA-3 and STADIS 450 (Table 1).
Thus, this static dissipator additive does not appear to be economically
advantageous for fuel blending even though conductivity effects are reduced by using
this additive.

d. Phase II1: Effect of Three Corrosion Inhibitors on Six Different
Fuels with ASA-3 and STADIS 450 Anti-Static Additives

As was stated earlier, the purpose of Phase III testing was to re-examine
"borderline" or "failing" corrosion inhibitors in different fuel types with two
different anti-static additives. Original additives samples were discarded since
they were more than one year old. New samples of HITEC £515, Lubrizol 541, and
Apollo PRI-19 were used in this phase of the study.

18
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TABLE 5. RESULTS FOR PHASE II: TOLAD-511 IN JP-4
MIN/MAX CONCENTRATION
INHIBITOR (1bs/1000 bbls) (1bs/1000 bbls)  PERCENT CHANGE
APOLLO PRI-19 3-8 7.6 -30
ARCO 4410 3-8 7.92 -26
DCI~4A 3-8 8.00 -20
DCI-6A 3-8 7.96 -24
HITEC E-515 7.5-16 16.13 -19
HITEC E-580 3-8 8.00 -10
LUBRIZOL 541 3-6 6.00 -27
MOBILAD F-800 3-8 7.96 =21
NALCO 5403 3-8 8.03 -1
NALCO 5405 3-8 7.92 -19
P3305 4.5-12 12.00 -08
TOLAD 245 7.5=12 11.96 =21
TOLAD 249 3-8 8.00 -22
UNICOR J 3-8 8.00 -17
20
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Apollo PRI-19 results with ASA-3 and STADIS 450 are given in Table 6. The
percent change for this additive with either static dissipator additive is less than
40% for all fuels. Lubrizol 541, on the other hand (Table 7), showed increased
conductivity when added with ASA-3. In nearly all cases, greater than 40% increase
in conductivity was observed for the range of allowable concentrations. Lubrizol
541 with STADIS 450 however, did not demonstrate a significant change in
conductivity. The last inhibitor, HITEC E515 (shown in Table 8), produced less than
40% change with ASA-3 for all but one fuel. With STADIS 450 however, HITEC E515

caused fuel conductivity to decrease by more than 40% for every concentration and in
every fuel.

The results for Tables 6, 7, and 8 are described graphically in Figures 7, 8,
and 9.

The most interesting result of the third study was the fact that contradictions
were observed from the initial studies. For JP-4 with ASA-3, Lubrizol 541 brought
about decreases in base fuel conductivity of more than 40% for all concentrations of
this inhibitor. Phase III studies for the same JP-4 revealed an increase in
conductivity of more than 40% for 6 and 5 1bs per 1000 bblis (all other
concentrations showed just less than 40% increase). Similar results were observed
for other fuel types. These apparent contradictions could not be explained. It is
possible that the new, fresh sample of Lubrizol produced a different effect than the
slightly aged sample. Other differences were apparent in Phase III. HITEC E515 did
not show an increase of more than 40% for ASA-3 in any type of fuel (Table 8) with
the exception of the isooctane/toluene mixture. Apollo PRI-19 showed similar
results.,

For STADIS 450 in any type of fuel, Apollo PRI-19 and Lubrizol did not show a
decrease of more than 40% for any allowable concentration. Phase II,however, did
show greater increases. HITEC E515 with STADIS 450 showed a decrease in electrical
conductivity of more than 40% for every fuel.
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TABLE 6. RESULTS FOR PHASE III: APOLLO PRI-19

Corrosion Inhibitor

Static Dissipator Concentration Percent Change
Fuel No., Type Additive (1bs/1000 bbls) from Base fuel
-0708 (JP-l) ;g;:g~-_ 8.0 =02
-~0883 (JET A) ASA-3 8.0 +04
~0113 (Shale JP=4) ASA-3 8.0 -18
~1330 (JP-H4) ASA-3 8.0 -06
~1329 (JP-8) ASA-3 8.0 -19
~1333 (¥) ASA-3 8.0 -03
~-0708 (JP-4) STADIS 450 8.0 =27
-0883 (JET A) STADIS 450 8.0 =27
-0113 (Shale JP-4) STADIS 450 8.0 -34
-1330 (JP-4) STADIS 450 8.0 -30
~-1329 (JP=8) STADIS 450 8.0 -33
-1333 (%) STADIS 450 8.0 =24

#70% iso-octane/30% toluene by volume
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TABLE 7. RESULTS FOR PHASE III: LUBRIZOL 541
— T ' Corrosion Inhibitor
Static Dissipator Concentration Percent Change
Fuel No,, Type Additive (1bs/1000 bbls) from BaSehgyel
~Q708 (JP=U) ASA-3 6.0 +43
5.0 +30
-0883 (JET A) ASA-3 6.0 +55
5.0 +50
“.0 +5u
3.0 +54
=0113 (Shale JP-4) ASA-3 6.0 +44
5.0 +50
'-l.o +u7
3.0 +43
=1330 (JP=4) ASA-3 6.0 +42
5-0 +38
4.0 +32
-1329 (JP=-8) ASA-3 6.0 +42
5.0 +35
-1333 (M) ASA-3 6.0 +34
-0708 (JP=4) STADIS 450 6.0 -16
-0883 (JET A) STADIS 450 6.0 =21
-0113 (Shale JP-14) STADIS 450 " 6.0 -18
=~1330 (JP=H) STADIS 450 6.0 -11
-1329 (JP=8) STADIS 450 6.0 -11
~1333 (*) STADIS 450 6.0 -28
#70% 1so-octane/30% toluene by volume
23
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TABLE 8. RESULTS FOR PHASE I11: MWITEC E-515

Corrosion Inhibitor

Static Dissipataer Concentration percent Change
Fuel No., Type Additive (1bs/ 1000 bbls) from Base fuel
-0708 (JP=H4) ASA-3 16.0 -13
-0883 (JET A) ASA-3 16,0 -10 *
-0113 (Shale JP-4) ASA-3 16.0 -29
-1330 (JP=4) ASA-3 16.0 -18 i
-1329 (JpP-8) ASA-3 16.0 =21
-1333 (%) ASA-3 16.0 +64
14.0 +52
12.0 +7
10.0 +82
8.0 + 147
1.5 112
-0708 (JP-4) STADIS 450 16.0 -64
14,0 ~bY
12.0 -6
10.0 ~bi
8.0 ~63
7.5 ~63
-0883 (JET &) STADIS 450 16.0 -66
14,0 ~68
12.0 ~67
10.0 -65
8.0 -62
7.5 ~62
16.0 ~T1
~0113 (Shale JP-U) STADIS u50 4.0 ~70
12,0 =70
10.0 =70
8.0 -68
T.5 ~-68
~1330 (JP-4) STADIS 450 16.0 =67
14,0 -68
12.0 =70
10.0 =67
8.0 -65
7.5 =66
16.0 -70
~1329 (JP-B) STADIS 450 14,0 -68
12.0 -68
10.0 -68
8.0 -64 »
7.5 =64
16.0 =52

R

..
o)

P
S




-

AFWAL-TR-85-2076

(Concluded)

TABLE 8.

=51
=53

-53
-S4
-53

oo o0ow
e o o & o
T N O~

-— o -

STADIS 450

-1333 (M)

A A e— . o

#70% iso-octane/80% Toluene by Volume
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SECTION III

RECOMMENDATIONS

Because of the results shown from these studies, the Air Force (Fuels and
Lubrication Division, Aero Propulsion Laboratory, Wright-Patterson AFB, OH) has
removed the corrosion inhibitor HITEC E515 from the Qualified Products List. A
decrease in conductivity of more than 40% resulted when HITEC E515 was blended with
STADIS 450 anti-static additive in any fuel type. Since corrosion inhibitors must
be compatible with all approved additives according to MIL-I-25017D, HITEC E515 is
now justifiably omitted from the list.

The recommendation regarding Lubrizol 541 was less clear cut. When tested in
fuels containing ASA-3 there were three failures at all concentrations, three
partial failures (i.e., failed at maximum allowable concentration but passed at
minimum effective concentration), and one pass at maximum allowable concentration .
However, with Stadis 450 there were no failures or partial failures. Since Lubrizol
541 is the only corrosion inhibitor on the QPL-25017 that is approved for use in
MIL-G-5572 aviation gasolines, it was recommended that it remain on the QPL.

The other corrosion inhibitor, Apollo PRI-19 gave results which did not
demonstrate consistent incompatibility.

In the past three years, the Air Force has become involved with the processing
and use of fuel from shale oil. Since nitrogen, sulfur and aromatic levels are
higher than petroleum crudes, shale crude oil must be highly hydro-refined before
using as an aviation fuel. Unfortunately, the severe hydrotreating can decrease the
lubricity of the shale fuel such that fuel pump wear is more likely than with fuel
produced from conventional petroleum crudes. Also, as these crude sources diminish,
"heavier" crudes (higher in aromatics, contaminants) will be utilized. Greater
amounts of hydroprocessing will again be necessary, decreasing fuel lubricity.

In order to improve fuel lubricity, corrosion inhibitors have been added to
shale-derived fuels to be used in aircraft engine testing (References 10 and 11).
This experience has shown that corrosion inhibitors must be added in their maximum
allowable concentrations to produce a fuel with an acceptable lubricity level.
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Corrosion inhibitors, by their very nature, tend to adhere to metal surfaces in
order to prevent oxygen from easily migrating to the metal to begin the oxidation
process. Thus, many jet fuel users will discover that corrosion inhibitor content
will decrease during fuel handling operations where the additive "plates out" on
untreated metal surfaces. In order to combat this decrease in lubricating ability

because of corrosion inhibitor loss, military users of jet fuel are preparing, if <

necessary, to add additional corrosion inhibitor upon receipt of jet fuel at the base
level. Conductivity effects from an increased dosage of corrosion inhibitor will be .
more apparent. At the very least, users of hydro-refined fuel should be aware that
addition of these inhibitors to improve lubricity may have detrimental effects on

static conductivity.

In conclusion, as more corrosion inhibitor is used to enhance the lubricity of
alternate-source aviation turbine fuels, electrical conductivity may be affected to a
greater degree than at present. Studies such as this will be necessary to control
the use of inhibitors which significantly decrease conductivity. Conductivity
should also be of concern when evaluating candidate lubricity and anti-corrosion
additives. Electrical conductivity will continue to be an important property for
the aviation turbine fuels of the present as well as the future.
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EFFECT OF CORROSION INHIBITORS ON CONDUCTIVITY

OF FUEL CONTAINING STADIS 450 ADDITIVE

APPENDIX B (con't)

Conductivity
Conductivity of Base Fuel, Inhibitor with
ps/m Concentration Inhibitor,
Initial Final Average Inhibito:y 1b/1,000 bbl ps/m

474 479 476 APOLLO PRI-19 8.06 157
7.05 168

174 462 468 6.03 164
5.05 198

4.00 219

174 493 484 3.02 243
474 493 484 ARCO 4410 8.00 380
274 493 484 DCI-4A 7.96 445
4'/4 493 484 DCI-6A 8.00 383
474 493 484 HITEC E-515 16.00 72
14.00 78

12.00 78

10.00 82

8.00 92

474 490 482 7.50 89
174 467 470 HITEC E-580 8.03 423
474 467 470 LUBRIZOL 541 6.00 302
174 467 470 MOBILAD F-800 8.03 416
474 470 472 NALCO 5403 8.00 430
474 470 472 NALCO 5405 8.00 326
474 470 472 P3305 12.00 430
474 470 472 TOLAD 245 12.00 329
475 470 472 TOLAD 249 8.03 333
474 470 472 UNICOR J 8.03 437
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APPENDIX C E.
L
ELECTRICAL CONDUCTIVITY OF FUELS e
Ky
4 i
Covincinn Aveg ape "‘
Antistatse tahitatog o Cobn vty L
Sample identilication Addst sve . Adeled (UL LM b)) (ps/m) ¢ “_.t
RY-POSF-0708 Base Fue) Stadir 450 Nonr - 64 f -
R£1-POSF-0708 Mane Fuel Stadia 490 None - Sai s
8)-POSH-0708 Base Fuel Stadis &40 [ - $3¢4
BY-POSF-0708 Base burl Stadis 450 None - L ¥X}
AY1-1OSE-0708 Base turl Stadis &% Wone - 929
AYV-POSF-0708 Base tuel Stadas 450 Nong - 563 o
A)1-POSE-OJOR Base Puel Stadin 650 None "eb Ry
R)-PUSH-0708 Bear Fuel Stadis 450 Wone - %0 T
8 1-POSE-070R Mase Control Stadis 450 None - sen £
M)-POSF-0708 BSase Contynl Stadis &50 None . 96 ,"\
A1-POSF-0108 Base Control Stadis 450 None . $24 o,
R)-POSE-0708 Base Control Stadis 450 None - b3 ) o
A 1-POSF-0708 Rese tontenl Stadis 450 None - Y3/ -y
R1-POSF-0J08 Bage Contrnl Stadis &50 None - LY e
RI1-POSF-0708 Base Control Stadis 450 None - 536 -
81-POSE-0708 Rase Control Stadss 450 None - 934
81-Post-0708 Stadis 450 APOLIG PRI- 1Y [ 197
A3-POSE-0708 Stadis 450 LIRRIZOL S4) [ 459 ‘e
8)-POSK-0708 Stadis 450 HITHE 3-5%014 18 198
RI-PISF-0708 Stadis 450 HITHC Bests " 93
8)-POSH-0708 Stadis 450 WITHC E-Y 12 190 o
81-POSF-0708 Stadis 50 NITHE E-%00 H 0 =
8)-1OSF-070R Stadis 450 RITHE F-%0% n 00 R
83-POSF-0T08 Stadis 4%0 MITHC befan 1.8 200 L
81-POSF-088) Base Fuel Stadis 450 Noue - 31 N
83-POSF-0881 Base burl Stadis &850 None . 9 T
RY1-PUSF-088) Bane Fuel Stadis 4450 None . [Yes e
RI-POSF-088) Base Furl Stadis 450 None . 439 :-_
81-POSE-0AR) Base Fuel Stadis &5 None . %9 .
83-POSF-0ARY Base Fuel Stadin 450 None N 432 -
83-POSE-ORR3Y Base buel Stadis 450 None - &S Fy
81-P0SE-OARY Base Fuel Stadis 450 Nane . (118 \.'
81-POSF-0881 Bare buel Stadis 450 Noae . &t Y
81-POSE-0RRY Bane Control Stadis 450 Mone - 461 N
83-POSH-0AB) Rase Control Stadis 4% N . (Y13 .';'
B81-POSF-0ARY Base Contrnl  Stadis 450 None . [Y¥A o
R1-POSE-ORRY Bare Contrnl Stadin &50 N 66 \;‘
A)-PUSF-08R) Base Control Stadis 450 Noue- . 69 e
RI1-POSE-ORRY Base Contrnt Stadss &50 Nosne: . (1] R
BY-POSE-0RB1 Rase Contenl  Stadin 450 None - 4“8 .
81-POSE-OARY Rase Cnntrol  Stadis 450 Nonr . «19 ~
A3-PUSF-ORSY Stadis 4% AL PRI ] 335 e
2)-POSE -0RR) Stadis 4%0 LMK 708 a4t [y e
A V-POSF-0RRY Sradis 650 Wk 4-%18 16 1S7 O
R 1-POSE-0RRY Stahis 640 LIRS Y 113 14 150 - -
R 1-POSF-ORR Y Sadis &40 ITETERRS {3 § n 159 o
B 1-1UsE-0RRY Stadis &% HUire b-S18 10 1B} =
LERIDNINIET Stadis 450 M F-$18 [ 170 ko
R1-1VSh-ORR S Statin 450 CIRTXON S T 1.5 N[ . Ty
AN
o
DN
X

o

R4
WY

§a ey
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APPENDIX C (con't) i
e i
v i
N ELECTRICAL CONDUCTIVITY OF FUELS 2
[ )
) 2o
¢ . - ] e - e e :‘t'*:
Corrosjon Average b
Antistatic Inhihitor Conc . Conductivity 3y
\ Semple ldentification Mditive ~~ Added __ (I1b/1000 bb))  (pS/e) ‘_{
Y
hY
. 8)-POSF-1329 Base Fuel ASA-) Wone - 513 3
- 83-POSF-1329 Base Fuel ASA-3 None - 589 oo
. 83-POSF-1329 Base Fuel ASA-) None - S :_“-'
- $3-POSF-1329 Bsse Fuel ASA-3 None - 520 D
83-POSF-1329 Base Comtrol ASA-) None - 561 -
83-POSF-1329 Bese Costrol ASA-) None - 539 ]
83-POSF-1329 Base Control ASA-3} None - 449 E
- 83-POSF-1329 ASA-3 APOLLO PRI-19 [} 466 e
N 83-POSF-1329 ASA-) LUBRIZOL 541 6 822 el
5 83-POSF-1329 ASA-) LUBRIZOL 541 5 5 O
2 83-POSF-1329 ASA-) HULRC E-91Y 16 466 oo
’, 83-POSF-1330 Base Fuel ASA-) None 24
X 8)-POSF-1330 Base Fuel ASA-) None 81 o
8)-POSF-1330 Base Fuel ASA-) None - ) =
8)-POSF-1330 Base Puel ASA-) None - o s
K 83-POSF-1330 Base Fuel ASA-3} None - (73] O
g 83-POSF-1330 Base Control ASA-) None - 468 o
. $3-POSF-1330 Base Control ASA-) None - “69 o
' - 83-POSF-1330 Base Control ASA-) None - (35 WL
. 83-POSF-1330 Base Control ASA-3 None - 195 e
- 2)-POSF-1330 ASA-3 APOLLO PRI-19 8 45 <
€3-P05F-1330 ASA-3 LURRIZOL. 541 6 61 P
8)-POSF-1330 ASA-) LURRIZOL S41 ) 664 &
. 83-POSF- 1330 ASA-3 LUBRIZOL 541 6 56) -
- $3-POSF-1330 ASA-) HITRC E-51% 16 197
- 82-POSF-011) Base Fuel ASA-) None . 2
g 82-POSF-01}) Base Fue) ASA-) None . 49%
’ 82-POSF-0113 Base Fuel ASA-) Wone . 479 oy
:. 82-POSF-0113 Base Fuel ASA-) Noae - 457 AT
82-POSF-011) Base Fuel ASA-3 None - 459 R
82-POSF-011) Base Fuel  ASA-) None X s -
' 82-POSF-011) Base Control ASA-3} None - 86 :
- 82-POSF-0113 Base Control ASA-) None - 7 o
2 82-POSF-0113 Base Control ASA-3 None - 45
" 82-POSF-0113 Base Control ASA-) None - 461 ST
: 82-POSF-011) Base Control ASA-) None . 69 o
- 82-POSF-0113 ASA-3 APOLLO PRI-19 s 404 A
82-POSF-011) ASA-) LUBRIZOL &1 6 108 N
82-POSF-011) ASA-3 LUBRIZOL 541 5 ne bl
. 82-POSF-011) ASA-) LUBRIZ0L. S&) 4 669 -
: 82-POSF-011) ASA-) LURRIZOL. 541 3 57 .
. 82-POSF-011) ASA-) RITEC F-515% 16 466 o
K \ ‘:'n"
’) b T
&
\:.-
) ::q: \
~‘ .
&
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APPENDIX C (con't)

ELECTRICAL CONDUCTIVITY OF FUELS

Carenston Average
Antistatic Inhibitor Conc Conductivity

Sawple ldentificetion Additive __ Added ___ (Ih/1000 BA1) (pS/e)
83-POBF-0708 Bese Fuel ASA-) None - $34
83-POSF-0708 Bese Fuel ASA-3 None - 616
83-POSF-0708 Bese Fuel ASA-3 None - 610
83-POSF-0708 Base Cootrol ASA-3 None - 6130
83-POSF-0708 Base Control ASA-) None - [ Y&}
8)-POSF-0708 Bsse Control ASA-3 None - 591
81-POSF-0708 ASA-) APOLLO PRI-19 8 616
83-POSF-0708 ASA-3 LUBRRIZUL 541 ] [ L
$)-POSF-0708 ASA-3 LUBR]Z20L 54} b [ 133
83-POS¥F-0708 ASA-) WITEC E-51% 16 968
8)-P0OSF-088) Bese Fuel ASA-3 None - 3
83-POSF-088) Bese Fuel ASA-) None - 186
83-POSF-088) Base Fuel ASA-3 Noae - (Y]
83-POSF-0883 Base Fuel ASA-) None . 190
8)-PUSF-008) Bese Fuel ASA-3 None - 385
$3-P0SF-0883 Base Furl ASA-]) None - 1%
83-POSF-088) Bese Fuel ASA-3 None - 36)
$3-POSF-088) Base Control ASA-) None - .24
$3-POSF-088) Base Costrol ASA-) None - 31
83-POSF-ORBY Base Control ASA-) None - 426
83-POSF-088) Base Contrel ASA-) None - 429
83-POSF-08683 Base Control ASA-) None - 199
8)-POSF-088) Base Control ASA-} © None - 39?2
8)-POSF-088) ASA-) APOLLO PRL-19 8 &36
8)-POSF-088) ASA-) LURRT 701 S61 [ 623
8)-POSF-088) ASA-) LURRIZOL 941 5 630
83-POGF-0883 ASA-3 LUBKIZOL 541 4 628
83-POST-0883 ASA-) LURRIZNL S&) 3 825
8)-MNS¥-088) ASA-) HETEC F-S1Y 16 h 1Y
83-POSF-1333 Bese Fueld ASA-) Bone - 3954
$3-POSF-1313 Bese Fuel ASA-) None - "
83-P0SF-133) Base Fuel ASA-3 None - ne
83-POSF- 1313 Bese Fuel ASA-) None - 1050
83-POSF-1133 Besse Fuel ASA-3 Nane - (T3]
83-POSF-1333 Base Fuel ASA-) None - 807
83-POSF-1333 Base Fuel ASA-) MNone - )
83-POSF-1333 Base Feel ASA-3 None - 148
83-POSF-133) Bsne Fuel ASA-) None - 16%
83-POSF-1333 Base Contrel ASA-) None - 876
83-POSF- 1333 Base Control ASA-D None - 1050
83-POSF-1333 Base Comtrol ASA-) None - 856
83-POSF-1333 Base Control ASA-) None - (L)
83-POSF-13)3 Bsse Comtrel ASA-) None - [T7Y
8)-POSF-1333 Bsse Costrol ASA-) WNone - L
8)-POSF-13)) Bsse Zomtrol ASA-) None - 1%
83-POSF-13)) Base Conizol ASA-3 Roue - 1y
83-POSF-1333 ASA-) APOLLD PRI-I9 8 8%
8)-POSF-113) ASA-1 LUPRIZOL 561 b 1232
83-POSF-133) ASA-) HITEC E-51% 6 19
€3-POSF-133) ASA-) HITEC E-515 0 1663
03-POSF-133) ASA-) RITEC £-515 12 1612
. 83-POSF-1333 ASA-3 NITFC E-515 e 1632
. 8)-POSF-1311) ASA-) WITHC E-519 8 1598
- 83-POSF-133) ASA-) NITEC F-519 R 1363
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3 APPENDIX C (con't)

ELECTRICAL CONDUCTIVITY OF FUELS

I b Y]

Corensian T Average
Antiststic Tnhabitog Cone . Conductavily
Seaple ldentification Additive ~ Added (th/to00 dhl)  (pS/e)
82-POSF-011) Base Fuel Stadis 480 None - 520
82-POSF-0i13 Base Fuel Stadis 450 None - 520
02-POSF-011) Basve Fuel Stadis 450 None - 507
A2-POSF~-011) Base Fuel Stadss 450 None - 507
82-POSF-011) Base Fuel Stadis 450 None - 516
82-POSF-011) Base Fuel Stadis 650 None - 527
82-POSF-011) Bage Fuel Stadis 650 None - 334
82-POSF-01)1) Bese Furl Stadis 450 None - 5136
82-POSF-011) Bsse Fuel Stedis 650 None - 536
82-POSF-011) Base Control Stadie 450 None - Si1)
J 82-POSF-011) Base Control Stedis 450 None - 500
. 82-POSF-0113 Base Control Stsdis 450 Hone - 481
3 82-POSF-011) Base Control Stadie 450 Hone - 488
: 82-POSF-0113 Base Control Stadis 450 None - on
v 82-POSF-011) Base Control Stadis 450 None - 470
82-POSF-011) Stadis 450 APOLLO PRI-19 8 3462
Y 82-POSF-011) Stadis 450 TUHART 200 S4) 6 24
82-POSF-011) Stadis 450 RITEC E-519 16 151
o 82-POBF-011) Stadis 450 NITEC F-915 6 153
. 82-PO8F-011) Stadia 450 WITEC F-515 12 146
. 82-POSF-011) Stadis 450 NITHC E-515% 10 166
82-P08F-011) Stadss 450 HITEC E-515 ] ! 164
82-POBF-0113 Stadis 450 NITEC F-5195 1.9 i 166
83-POSF-1130 Bage Fuel Stadis 450  None - ! 561
83-POSF-1130 Sase Fuel Stadie 450 None - : 875
83-POSF-1330 Bese Fuel Stadis 450  None - ' .3}
83-POGF-1330 Base Fuel Stedrs 450 None - 80
) 83-POSF-1)30 .Bsse Fuel Stadis 450 None - 516
. 8)-POBY-1330 Base Fuel Stadis 450 None - | 372
. $3-P08F-1330 Bsse Fuel Stadis 4%0 None - 536
. $3-POSY-1)10 Base Fuel Stadis 450 None - b1}
. 81-POSF-1330 Base Fuel Stadie 450 None - 587
8)-POBF-1)30 Base Control Stadis 450 None - 954
8)-POBF-1130 Base Control Stadis 450 None - 35
8)-POSF-1330 Base Control Stadis 450 None - 561
8)-POSF-1)10 Base Control Stadie 450 None . 525
81-POSF-1330 Base Control Stadis 450 None - 54)
§ 81-POSP-1130 Base Control Stadis 450 None . 516
' 8)-POSF-13)0 Base Control Stadis 450 Nune - 5413
’ B1-POSF-1130 Base Control Stadin 450 None - 550
- 81-POSF-1330 Stadin 450 APOLLO PRE-19 [} AL R
A . R1-POSF-13)0 Stadis 450 LIBRI/ZOL S61 6 502
81-POSF-11330 Stadis 450 HITHC $-51% 1 185
83-POSF-1130 Stadis 450 HITEC F-516% tée 18
o s R1-POSF-1130 Stedis 450 RITEC E-51% 12 169
8)-POSF-13%0 Stadrs &S50 MITEC b-S05 10 176
e 8V-POSF-11V0 Stadis 450 HITHE F-51n ] 185
. B1-POSF-11Y0 Stadys &% HETRC ¥ -1 1.5 190
i
X .- - - .
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APPENDIX C (con't)

ELECTRICAL CONDUCTIVITY OF FUELS

N L LPLET. SNCSRE NS, A S

Carrosion T Aversge
Antistatic Inhihitor Cone Condut Lavity

p‘ S_.,Ie_*ldenll_(‘l_ggslu Additive Addrd (1D /1000 Bh) tph/e)
V. 81-POSF-1329 Bese Fuel Stedis 450 None - 548
. 8)-POSF-1329 Base Fuel Stadis 450 None - %96
- 83-POSF-1329 Base Fuel Stadis 450 None : b1}
:_‘ 8)-POSF-1329 Base Fuel Stadis 450 None - 561
O 81-POSF-1329 Bese Fuel Stadys 450 None - 968
83-POSF-1329 Base Fuel Stadas 450 None - 561

83-POSF-1329 Base Fue) Stadis 450 Noae - 556

- 8)-POSF-1329 Base Fuel Stadis 450 None - 61
. 8)-POSF-1129 Base Fuel Stadis 450 Nane - 510
. 83-POSF-1329 Base Control Stedis 450 None - 556
o 83-POSF-1329 Base Control Stadis 450 None - 568
b 83-POSF-1)29 Bese Control Stadis 450 Nnne - 9%
' 8)-POSF-1329 Base Control Stadis 450 None - 548
83-POSF-1329 Base Control Stadis 650 None - 541

83-POSF-1329 Base Control Stadis 450 None - 539

83-POSF-1329 Base Control Stedie 450 None - \ 539

83-POSF-1329 Rase Control Stadis 430 | Nene . \ sel

81-POSF-1)29 Stadis 450 APGLLD PRI-19 8 312

#3-POSF-1329 Stadie 450 LUBRIZOL %&) L] l (1]}

8)-POSF-1)29 Stadis 450 HITEC E-S515 16 . 169

83)-POSF-1329 Stadin 450 HITEC F-515 14 ' LL 1Y

8)-POSF-1729 Stadin 450 HITEL E-H15 12 180

R3-POSF-1329 Stedis 450 HITEC E-S)5 10 180

8)-POSF-1329 Stadis 450 HITEC F-51% L] ; 196

83-POSF-1329 Stadis 450 HWITEC k=515 1.5 ! 200

83-POSF-131) Bese Fuel Stadis 450 Nane - : 376

83-POSF-13)) Base Fuel Stadis 650 None - ! 33

83-POSF-13)) Bsse Fuel Stadis 450 None - 2

8)-POSF-1333 Base Fuel Stadie 450 None - ju2

83-POSF-133) Base Fuel Stadis 450 None - 3’

8)-POSF-133) Bese Fuel Stedss 450 None - ! J2

83-POSF-1333 Dase Fuel Stadis 450 None - ' W

83-POSF-1333 Base Fuel Stadis 450 None - e

83-PO5F-133) Base Fuel Stadis 450 None - 362

8)-POSF-1333 Base Control Stadis 450 None - )56

8)-POSF-13)) Base Control Stadis 450 None - b LY

83-POSF-1333 Base Control Stadis 450 None - 362

83-POSF-1333 Base Control Stedis 450 None - s

83-POSF-133) Base Control Stadis 450 None - 335

83-POSF-1333 Base Controf Stadis 450 None - wo

83-POSF-1)33 Base Control Stadis 450 None - 7

83)-POSF-133) Base Control Stadie 450 None - %9

83-P0SF-133) Stadis 450 APOLLO PRI- 19 L} 267

83-POSF-13)) Stadis 450 LURRIZOL S&41 [ 246

83-POSF-13)) Stadis 450 HITEC B-SIS (1] 164

63-POSF-13)) Stadis &5%0 HITEC F-S51% 14 (LYY

83-POSF-13)) Stadis 450 HITEC E-S)1% [} 157

8)-PUSF-13)) Stadis 450 HITEC B-51% 1 159

83-POSF-11)) Stadis 450 HITEC E-51% 8 »y

4)-POSF-11)) Stadis 450 REITRC B-519 1.5 (1.Y4

#y.S. GPO: 646-066%
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